Purpose: To evaluate and quantify the degree and pattern of donor endothelial cell damage, which occurs with mechanical trephination of donor corneal tissue.
O ne of the basic steps in all modalities of keratoplasty is the creation of the transplanted button from the eye bank-supplied donor tissue. This is most commonly done using a mechanical blade trephination system. Trephination will inevitably induce some endothelial damage before the surgeon's manipulation of the tissue in the operative field, and this damage is present regardless of the technique used to perform the transplantation surgery itself.
The most common clinical method of objectively determining endothelial cell health is by assessment of central endothelial cell density using a specular microscope. 1 However, specular microscopy can only calculate a cell density from very small select areas of the central cornea, and this information is then often extrapolated by clinicians as to the overall health of the total endothelial surface.
1 Specular images can completely miss any paracentral or peripheral areas of lower cell density, even when the cell density difference is large. 1 In addition, specular microscopy does not differentiate between healthy cells and cells with degenerative changes. 1 Lastly, endothelial cell calculation is subject to technician sampling errors and counting errors. 1 In light of these drawbacks, specular microscopy is ill suited for assessment of overall endothelial damage in the experimental setting.
To avoid these problems with specular microscopy, we developed a simple, practical, and inexpensive laboratory technique to analyze endothelial cell loss and damage over the entire corneal area and we have previously published the extensive details of this quantitative technique. 2 The purpose of this study was to experimentally determine the pattern and extent of endothelial cell damage that is induced by mechanical trephination. In addition, the endothelial damage between 2 common donor trephination systems was compared in a randomized and masked fashion.
MATERIALS AND METHODS

Study Groups
Twenty corneal-scleral donor tissues were provided by the Lions Eye Bank of Oregon to perform this laboratory study. All tissues were excluded from clinical use because of serological reasons only and had no significant endothelial cell damage by slit-lamp examination before the experiments. The 20 tissues were randomly divided into 2 paired groups, each with 10 corneas.
Trephination Procedure
Preservation chambers containing the corneas preserved in Optisol GS (Bausch & Lomb, Emeryville, CA) were taken out of the refrigerator and left standing at room temperature for 1 hour before the procedure. The same investigator performed every trephination. Each tissue was grasped at the scleral rim and taken carefully out of the preservation chamber and placed on the corresponding trephination block with the endothelial surface anterior. A new trephine was used for every tissue punch of every experiment. A new UltraFit Coronet 8.0-mmdiameter trephine (distributed by Angiotech, British Columbia, Canada) was used to cut a full-thickness button out of each cornea in the first group, and similarly a new Barron trephine (Katena, Denville, NJ) was used to punch an 8.0-mm fullthickness button out of each cornea in the second group.
Staining Procedure
The detailed technique of staining, image capture, and Adobe Photoshop quantitative planimetry analysis has already been published by our group. 2 Following is a brief summary of that technique.
After trephination, the peripheral tissue was removed and the remaining corneal 8.0-mm donor button was covered by trypan blue 0.25% (MP Biomedicals, LLC, Solon, OH) in a dropwise fashion to cover the endothelium. After 120 seconds, the stain was poured off and the corneal graft was briefly gently rinsed twice in balanced salt solution (BSS; Alcon Laboratories, Fort Worth, TX), drained to remove excess saline, and then placed back on the trephine block with the endothelial surface anterior.
The endothelial layer was then covered with the vital dye stain of alizarin red S 0.2% (GFS Chemicals, Inc, Columbus, OH) for 90 seconds and again rinsed gently twice in BSS.
Photography Procedure
Each corneal button was then placed in a clear glass vial containing BSS. The jar had been previously randomly labeled with a tracking number. The analyzing investigator was masked as to the trephine used with any specific tissue. The donor button vials were then mounted on the slit lamp. The relevant areas of vital dye stain were then verified to have endothelial damage or loss by slit-lamp biomicroscopy and then photographed using the highest available magnification (316) that allowed capture of a panoramic digital picture (MicroFire by OPTRONICS, Goleta, CA) for the whole button. The illumination for these images was adjusted to avoid shadows or excessive light reflections.
Quantitative Analysis
Quantitative analysis was performed on the randomly assigned tissue by an investigator that was masked as to the specific trephine used for each tissue. The same investigator performed all analysis.
Using Adobe Photoshop 7.0 software, the captured panoramic digital pictures were processed, and the ratio of endothelial damage was defined as the ratio of the number of selected pixels of endothelial damage and/or loss highlighted by the used vital dye stains divided by the number of pixels of the whole endothelial surface of the corneal button.
Statistical Analysis
For normally distributed data, groups were compared using Student t test. SPSS version 12.0 (SPSS, Chicago, IL) was used for statistical testing.
RESULTS
The detailed results of the 20 corneas of the 2 groups are presented in Table 1 . A representative button with vital dye stain and Adobe Photoshop analysis for each of the 2 groups is shown in Figures 1 and 2 .
The pattern of cell damage was consistent in all donor buttons. Every cornea demonstrated an unbroken ring of peripheral cell damage at the edge of the specimen, which was approximately 0.25 mm wide on average but varied in width over 360 degrees and in an inconsistent pattern of variance. Importantly, no central or paracentral damage was seen in any button, with no stretching, striae, or other pattern noted.
In the first group using the UltraFit Coronet trephination system, the average endothelial damage was 5.64% 6 0.85% with a range of 4.33%-6.69%. In the second group using the Barron trephination system, the average endothelial damage was 6.50% 6 0.95% with a range of 4.92%-7.78%. The difference between the 2 groups did not achieve statistical significance (P = 0.084); however, 8 of the 10 pairs of experiments demonstrated less endothelial damage with the UltraFit Coronet trephine than with the Barron trephine.
DISCUSSION
One of the primary goals of corneal transplantation is to deliver the highest number and concentration of donor endothelial cells to the recipient eye. This is accomplished by minimizing the trauma to the donor endothelium during the eye bank processing of the donor eye and by minimizing the trauma induced by the surgeon during the surgical procedure. A step common to all forms of penetrating keratoplasty is the trephination of the donor tissue before transfer of that tissue to the operative field and recipient eye. It was the purpose of this study to determine the pattern and extent of endothelial damage from that 1 step of mechanical trephination. We used 2 trephine systems for this study to determine if there was any difference between one common trephine system and another in regard to the pattern and degree of donor endothelial damage. In addition, we used a method of quantitative analysis, which we have used before and which we feel yields extremely consistent, accurate, and objective results. 2 We have previously published a laboratory study, which evaluated the endothelial damage induced by various methods of donor tissue insertion during the Descemet stripping automated endothelial keratoplasty procedure. 3 Although that study demonstrated that entrance incision size was more important to endothelial cell survival (larger wound, better survival) than specific insertion technique, we also demonstrated in our control group that trephination alone caused a mean edge damage of 7.54% 6 1.42%. The control experiments in that prior study, however, used a Barron trephine that had been used once previously during clinical surgery, and therefore may not have been as sharp as a new blade, and may therefore have caused more damage.
In this experiment, we used a brand new blade for every trephination of every tissue. We compared in a randomized masked fashion, the damage created with the Barron trephine system to that of the UltraFit Coronet trephine system. The new Barron blades of this study produced a slightly less percentage of endothelial damage than the used Barron blades of our prior experiments, and the new UltraFit Coronet blades caused even less damage on average than the new Barron blades, with 8 of the 10 randomized pairs showing less damage. The difference in damage however was slight and did not achieve statistical significance in this small series.
What was most striking in this experiment was that the endothelial damage from trephination of full-thickness corneal buttons was virtually entirely limited to the edge of trephination, regardless of which trephine was used. None of the specimens demonstrated significant central damage and stretch or striae injury was not seen. The ring pattern of edge damage was usually fairly uniform; however, variation in width of the damage ring may have been because of either variation in pressure applied to the tissue from one quadrant to another during punching or variation in blade sharpness from one quadrant to another.
Establishment of expected percentage of damage from mechanical trephination is important for future studies, which evaluate donor damage from surgical transplantation procedures. As we have shown in our prior laboratory studies, 3 the total area damage assessed by vital dye staining studies is the sum of ''trephine-induced'' damage and ''maneuver-induced'' damage. We believe that the study presented here helps to establish that the clinician can expect about 4%-7% damage from trephination alone and that this damage is reasonably consistent from tissue to tissue. Our experience from ''used'' trephines in our prior experiments suggests that sharper trephines may yield less damage than blunter trephines, and personal selection of a specific trephination system should bring this factor into consideration. Finally, trephination with the femtosecond laser is now possible and recent articles suggest that the endothelial damage at the edge of laser trephination may be less than that from mechanical Trephine Endothelial Cell Damage
